Abstract. The unsteady motion of a viscous compressible rotating gas bounded by a single infinite disk is studied when small amplitude torsional oscillations are superimposed on the disk. The generation and propagation of waves due to the interactions of compressibility, viscosity and rotation during the transient evolution is discussed. In comparison with the non-oscillatory case, the forcing frequency of the disk is capable of inducing several additional interesting features.
Introduction
The dynamics of homogeneous rotating fluids is basically concerned with the motion of a fluid bounded by one or two disks, as the fluid adjusts from one state of rigid rotation to another state of rigid rotation or oscillation about a state of' rigid rotation. Such models provide valuable insight into physical problems which are of interest in astrophysics and geophysics. The relevance of rotatingfluid theory to physical situations like solar spin down is well known and described by Howard etall.
The theory of compressible rotating gases is important in relation to gas centrifuges used for the enrichment of uranium and has applications in nuclear physics. In view of these applications, the theory of rotating fluids is useful in defence science.
Viscous incompressible flows due to oscillating disk or disks are well knownin l i t e r a t~r e~~~a * , These works deal with the study of interactions between viscous diffusion, Coriolis force and inertial oscillations leading to the formation of modified Stokes layers on a single disk or two disks seperated by a finite distance. Unsteady motion of a compressible gas has recently been investigated by Iwao Harada5 wherein the motion is created by subjecting the angular velocity of the disk to a small impulsive change. The effect of compressibility on inertial oscillations and the unsteady Ekman layer are investigated.
It is well known that the rigid rotation of the fluid provides a restoring mechanism in the fluid and makes wave motion possible. It is also well known that viscosity provides a source of diffusivity and results in the propagation of diffused waves in the fluid. Thus it will be of importance and interest to investigate the rich properties of wave motion possible in a compressible rotating gas. Infact, the problem described by Iwao Haradas itself needs a reconsideration in exploring the wave mechanism.
Motivated by these aspects, the physical problem concerning the unsteady motion of a compressible rotating gas created by superimposing torsional oscillations on the disk is studied. The aim of the paper is to explore the wave phenomena during the transient time in addition to the usual investigations on the boundary layer and the flow outside. It is established that the unsteady flow is marked by the propagation of shear type decaying wave trains generated by the triangular interaction between diffusion, compressibility and inertial oscillations. The torsional oscillations imposed on the disk bring into effect some additional wave modes and additional characters which will be absent either in the non-oscillatory case or in the case of an incompressible fluid. Also, the compressibility and the forcing oscillations manifest together in introducing multiple boundary layers on the disk.
Formulation
A compressible gas is assumed to fill the space above an infinite disk situated at z' = 0 with reference to cylindrical polar coordinates (r', +', 2'). Prior to time i' = 0, the whole system is in a state of rigid rotation at angular speed Q about the z' axis. At time t' -0, the boundary angular speed is impulsively changed to Q + p AQ where E is the Ekman number, P, is the Prandtl number, M is the Mach number and y is the ratio of specific heats. In writing the above equations, the superscripts and the subscripts are dropped. The initial and boundary conditions are 
Solution
It is difficult to solve the Eqns. (1) to (6) subject to the boundary conditions (7) and (8) in the case Pr # 1. However, the effects of compressibility on the flow system can be still studied by assuming the Prandtl number as unity. Further, no terms will be lost by this assumption in the steady solution in the non-oscillatory case. The solution for the transformed variables when Pr = 1 is given by
Inverting these functions, the solution for the original variables is given by
The steady state solution is obtained by taking the limit t -t 00.
4. Discussion and Results
\

Wuve motion in the boundary Z~yers
The solution represented by Eqns. The term in Eqn. (18) containing go, namely @din--1)S-$ exp (int) arises due to the presence of the forcing frequency n of the disk. When expanded using Strand series, this shows the existence of diffused wave motion with phase velocity 2 / 2 7 E*L and the wave decays over a distance of order d 2~*~/ 2 / > . Thus the forcing frequency of the disk not only influences the wave motion existing in the non-oscillatory case but also induces new waves in addition to those observed in the nonoscillatory case.
In the case of low frequency oscillations n' < < 26Q, the waves represented by the term containing go travel slower than the other waves occuring in the solution given by Eqn. The first mentioned layer is absent in the non-oscillatory case (n' = 0). For low frequency oscillations the boundary layer is effectively a Stokes layer of thickness order E*L, since the later two layers manifesting mainly through Coriolis force and compressibility effects are of smaller thickness. In the case of high frequency oscillations the boundary layers will all penetrate to a depth of same order. Thus for both low and high frequency oscillations, it is the Stokes layer of thickness order ~*~2/2/n;-that is effectively formed on the disk and it is only for the intermediate frequencies that the compressibility plays a major role in determining the boundary layer thickness. When the exponentials in the steady solution decay, the remaining terms give an interior flow independent of C. In the non-oscillatory case this interior flow in w corresponds to a secondary flow similar to that arising in the spin-up problems for incompressible fluids. The value of w as < 4 oo shall estimate the suction velocity at infinity, but for the non-linear corrections.
The azimuthal velocity v tends to zero as C tends to infinity in the non-oscillatory case of an incompressible fluid. The compressibility of the fluid brings into effect (when n = 0) a non-zero azimuthal velocity at the edge of the boundary layer. It is of interest to note that even for a compressible gas the presence of the forcing frequency of oscillation of thedisk will again reduce the azimuthal velocity at the edge of the boundary Layer to zero. The same is true with the temperature also.
Conclusion
It is established that the oscillations of the disk produce additional waves in comparison with the non-oscillatory case. These waves penetrate through longer distances in the fluid when the frequency is small. The compressible Stokes layers on the disk observed in the non-oscillatory case are modified by the frequency of oscillation. Further, a new layer exists due to the frequency of oscillation. Thus the frequency ofoscillation plays a major role in determining the thickness of the compressible Stokes layer and is a mechanism of controlling the thickness of the boundary layer on the disk. Thus the theory is useful in defence oriented fluid dynamic problems like the one of gas centrifuges.
